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o 
o 

(N 
(N 



> 
O 



G. Risaliti 1 , A. Marconi 2 , R. Maiolino 2 , M. Salvati 2 , R bevergnmi 

1 Dipartimento di Astronomia e Scienza dello Spazio, Universita di Firenze, Largo E. Fermi 5, 1-50125 Firenze, 
Italy 

2 Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 1-50125 Firenze, Italy 
Received / Accepted 

Abstract. Quasars selected in optical surveys by means of their blue or UV excess are known to be strong emitters 
in the X-rays, except for Broad Absorption Line (BAL) objects. In this paper we study the X-ray emission of 
quasars selected through their emission line spectrum rather than their blue excess. X-ray data are obtained 
by cross-correlating two optical samples (the Hamburg Survey Catalogue and the Palomar Transit Catalogue) 
with the WGA catalogue of ROSAT observations. We find that a significant fraction of objects are strongly 
underluminous in the X-rays. We discuss the physical nature of these sources and we propose an interpretation 
for their optical and X-ray properties based on a dust-poor and gas-rich absorber. Our results suggest the existence 
of a population of AGNs having a type 1 optical spectrum and a type 2 X-ray emission. 
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1. Introduction 

The broad band properties of quasars have been inves- 
tigated in recent years through multiwavelength observa- 
tions of several quasar samples: the mean Spectral Energy 
Distribution (SED) of quasars was estimated for a sample 
of optically selected, X-ray bright quasars by Elvis et al. 
(1994); the X-ray properties of optically selected quasars 
were determined for several large samples by using the 
Einstein all-sky survey (Avni & Tananbaum 1986, Wilkes 
et al. 1994) and the ROSAT all-sky survey (Green et al. 
1995, Brinkmann et al. 1998, Yuan et al. 1999). The re- 
sults of all these works were essentially that quasars emit a 
significant fraction of their bolometric luminosity (several 
% or more) in the X-ray band. An indicator widely used 
in the literature, in order to measure the X-ray emission 
relative to the optical, is the "Optical to X index" aox 
defined as: 



aox 



log(L(2500A)/L(2keV)) 
log(i/(2500A)/i/(2keV)) 



(1) 



where L and v are the monochromatic luminosity and the 
rest-frame frequency. The above authors find on average 
aox ~ 1.5, with a dispersion <j{aox) ~ 0.2. Moreover, 
this index is found to increase slightly with redshift and 
luminosity. Together with these "normal" quasars, a mi- 
nority of objects is found to be very weak in the X rays 
{aox > 1-8): many of these sources are Broad Absorption 



Line quasars (BAL) , while others are optically normal ob- 
jects]]. 

As one can easily estimate from Fig. 1, X-ray weak 
sources are a few per cent of the entire population of 
quasars. 

Recent works suggest that the origin of the X-ray 
weakness of BALs is absorption rather than an intrinsi- 
cally weak emission (Brandt et al. 2000). At the same 
time, BALs have no optical reddening, hence their optical 
colours are those typical of normal quasars: for this reason 
they have been detected by "standard" surveys based on 
U and B colour excesses. 

Our search for a new population of soft-X-ray weak 
quasars is motivated by several results that suggest the 
existence of objects other than BALs with a mismatch 
between optical and X-ray classificationi, and/or optical 
colours redder than normal quasars: 

— The optical identifications of the HELLAS sources 
(hard X-ray selected) indicate that some objects with 
very hard X-ray spectra are type 1 AGNs in the opti- 
cal (Fiore et al. 1999). 

— The optical and infrared photometry of a sample of 
flat spectrum radio quasars shows that a significant 
fraction of radio-selected objects have redder colours 
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1 In this paper "normal quasars" refers to objects selected 
with standard color techniques. Their mean SED is derived 
horn Elvis et al. (1994), normalizing the X-ray emission in 
order to have aox = 1.5. The optical line spectrum is derived 
from Francis et al. (1991). 
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than "normal" quasars (Webster et al. 1995). A similar 
conclusion, even if based on a much smaller sample, has 
been reached by Kim & Elvis (1998) who searched for 
red quasars among soft X-ray selected sources. 

— An X-ray study of a sample of very luminous, high red- 
shift quasars performed by the ASCA satellite revealed 
the existence of several objects with heavy obscuration 
in the 2-10 kcV band (Reeves et al. 1997). 

— A comparison between the absorbing column density 
N#, measured through X-ray analysis, and the optical 
reddening Eb-v, measured through the Balmer decre- 
ment, performed on a sample of local Seyfert galaxies 
(Maiolino et al. 2001a), shows that for a large frac- 
tion of AGNs the Eb-v/^h ratio is much lower than 
Galactic. The same conclusion is also suggested by the 
comparison between the X-ray and mid-IR emission of 
AGN-dominated Luminous Infrared Galaxies (Risaliti 
et al. 2000). 

The basic idea of our work is that BAL quasars could 
be the tail of a population of X-ray weak quasars. In this 
view BALs would be extreme objects because, despite of 
their strong absorption in the X rays, their optical colours 
are typical of normal (i.e. blue) quasars. Between the two 
extremes of "normal" and BAL quasars, a population of 
objects could exist, with a strong X-ray absorption but a 
low optical reddening, enough to change slightly the op- 
tical colours (and, therefore, to exclude the sources from 
colour-based surveys) but the associated extinction would 
not be enough to obscure completely the optical broad 
lines. According to this scheme, this new class of objects 
should be classified type 1 AGNs if observed in the optical, 
but absorbed (type 2-like) if observed in the X-rays. In 
the following we will refer with "blue quasars" to colour- 
selected quasars, and with "red quasars" to the new pop- 
ulation described above. 

The best way to search for red quasars in the optical 
is by means of spectroscopic selection. The basis of the 
work described here is a cross-correlation of grism-selected 
samples of quasars with optical and X-ray surveys. We 
studied the optical colours and the X-ray to optical flux 
ratio of these objects and compared them with a sample 
of blue quasars. 

The paper is organized as follows: in Sect. 2 we an- 
alyze the selection criteria adopted for the composition 
of the most studied quasar samples and we define the 
characteristics of the quasar population that could have 
been missed, then we describe our search for X-ray weak 
quasars, performed by cross-correlating spectroscopically 
selected quasar samples with the WGACAT catalogue of 
ROSAT observations (White et al. 1995). In Sect. 3 we 
present our results and in Sect. 4 we discuss their physical 
interpretation. In Sect. 5 we analyze the consequences of 
our study for several relevant arguments concerning AGNs 
and the X-ray background, and the future work in order 
to define the properties of this new population of objects. 

Throughout this paper we adopt the cosmological pa- 
rameters H = 50 km s" 1 Mpc -1 and q = 0.5. 
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Fig. 1. Open histogram: aox distribution for the sample of 
optically selected quasars detected by ROSAT. Shaded his- 
togram: best estimate distribution taking into account also 
non-detections (from Yuan et al. 1999). 

2. Sample selection and X-ray data 

2.1. Colour-based selection 

The optical emission of "classical" quasars is character- 
ized by two major features: an optical-UV excess in the 
continuum and several strong, broad emission lines. The 
technique used in most quasar surveys consisted in an au- 
tomatic selection of a reasonably large sample of quasar 
candidates, followed by spectroscopic observations. Since 
quasars are rare objects and the spectroscopy is very time 
consuming, an efficient primary selection is needed. For 
this reason the color selection used in most surveys is 
very stringent: for example, in the PG survey a color U-B 
< —0.44 is required and, although this is a very blue color, 
the efficiency of the selection is less than 10%, the vast 
majority of candidates being blue stars or white dwarfs. 

This kind of selection automatically excludes objects 
with intrinsically redder spectra or with some absorption 
along the line of sight: for example, assuming a galactic 
dust-to-gas ratio, a typical quasar at z=l with a very 
blue continuum would be excluded by the PG selection 
criterion if it is obscured by a rest frame column density 
higher than ~2 x 10 21 cm~ 2 . 

2.2. Broad line-based selection 

The considerations made above suggest that the best way 
to search in the optical for red or moderately absorbed 
quasars is by means of a spectroscopic selection. The tech- 
nique used in spectroscopic surveys is usually a two-step 
selection, with a first step at low resolution. 

We have studied two spectroscopic samples of quasars. 
The first one is the Palomar Transit Grism sample (PT, 
Schneider et al. 1994), composed by <~ 1000 objects se- 
lected only by means of emission line criteria, without any 
requirement about the continuum colours. Data available 
for these sources are the redshift, an r4 magnitude and 
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Fig. 2. Redshift distribution for the PT and HS samples. 



the flux, equivalent width and physical width of the line 
used for the selection. The search technique was optimized 
in order to discover many high-redshift quasars, neverthe- 
less most of the sources are at low or intermediate redshift. 
The redshift distribution of the sample is plotted in Fig. 

I 

The second sample we used in our work is the Hamburg 
Quasar Sample (HS, Hagen et al. 1995, Engels et al. 1998, 
Hagen et al. 1999). In this case a first selection of the ob- 
jects was performed by using a color criterion (see Hagen 
et al. 1999 for details), while a second filter consisted in 
the requirement of broad emission lines in the observed 
spectrum. Even if a colour selection is still present in this 
sample, the requirements on the colours are less stringent 
than in "classical" quasar samples, like the PG, and there- 
fore many quasars with slightly redder colours can be in- 
cluded. 

2.3. Cross-correlation with the X-ray catalogue. 

The X-ray catalogue that we used for the cross-correlation 
with the optical samples is the WGACAT, obtained by 
analyzing all the fields observed in pointing mode by the 
ROSAT PSPC instrument. 

We found that 180 sources of the PT and 85 of the HS 
are in the WGACAT fields. Among the 180 PT sources, 
we made a further selection in order to exclude objects 
with apparent magnitude E>18 and absolute O magni- 
tude Mo > A luminosity cut is required to avoid 
contamination from the host galaxy. The optical bright- 
ness cut is due to our interest in X-ray weak objects: we 



E and O magnitudes are obtained from the APM digital 



catalogue. 



therefore exclude the sources that would be undetected in 
the WGACAT even if their optical-to-X ratio were nor- 
mal: indeed, in these cases we would only obtain X-ray 
upper limits that are useless to constrain the X-ray prop- 
erties of these sources. The brightness cut could bias the 
sample in favor of objects with large aox- However, our 
control sample is the PG, with an even stronger brightness 
cut. So the "differential" effect cannot be spurious. 

The final sample contains 30 PT quasars. 

In the following we compare the X-ray properties of 
these sources, relative to their optical emission, with the 
analogous properties of the PG quasar sample. The PG 
sample is used as reference both because it is the best 
studied quasar sample and because it is selected accord- 
ing to the "historical" definition of quasars (i.e. compact 
objects with high luminosity and a strong UV excess). 

Among the 30 PT sources, only 9 are detected in the 
WGACAT, while for the remaining 21 only an upper limit 
is available. Among the HS sources, that are on average 
brighter than the PT sources, about half are detected. The 
upper limits have been estimated at the 90% confidence 
level, taking into accout the vignetting and the PSF of the 
ROSAT PSPC instrument. Further details are gven in the 
Appendix. 

2.4. Definition of an optical-to-X index 

The simplest way to compare the samples would be that 
of calculating the aox index for line-selected sources, as 
defined in Eq. 1, and following the prescriptions given in 
previous works (Green et al. 1995, Wilkes et al. 1994). 
On the other hand, the calculation of aox poses several 
problems in the extrapolations needed: in particular, the 
monochromatic flux at E=2 keV is strongly dependent 
not only on the WGACAT count rate (that is the only 
information directly available), but also on the spectral 
properties of the source. The standard method consists 
in assuming a powerlaw spectrum with spectral index ~ 
1-1.5, that is typical for quasars in the ROSAT energy 
band. However, we suspect that our sources are much more 
absorbed in the X rays than normal quasars: this would 
imply a possible photoelectric cutoff and/or a much flatter 
spectral index. 

An analogous problem arises in the optical, even if in 
this case the errors should be lower. 

For these reasons we define a new optical-to-X index, 
by using directly the available data: for the HS sample we 
use the B magnitude for the optical and the WGACAT 
count rates for the X rays, while for the PT sample we 
use the O and E magnitudes obtained from the APM sky 
catalogue and the WGACAT count rates. 

In order to perform a homogeneous comparison, we 
took the PG quasars in the WGACAT (~ 70) and we 
defined the count rates and the upper limits in the same 
way as for the HS and PT samples. The B magnitudes 
are directly available in the literature (Schmidt & Green 
1983), while the O and E magnitudes were calculated from 
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the B and V magnitudes assuming the quasar template 
of Francis et al. (1991). We note that this extrapolation 
is much safer than those discussed above, because these 
bands are much closer to B and V than 2500 A. 

The optical-X index used in this work is defined as 
follows: 

-^Q(20-m)/2.5 



where m is the optical magnitude and <fi the ROSAT count 
rate. Since the optical magnitude does not always refer to 
the same band, we define a different lox for each band and 
compare only same-band indices. Finally, we note that in 
our definition we do not take into account the K correc- 
tion, even if many of our sources are at intermediate or 
high redshift. We discuss this point in detail in the next 
Section. 

3. X-ray properties of emission line selected AGNs 

In order to understand the physical properties of the se- 
lected objects, we divide our sources in two groups, to be 
studied separately: the HS sample and the PT sample. 
This division is necessaray since the two parent samples 
have different redshift distributions (Fig. 2) and selection 
criteria. 

3.1. Analysis of the HS sample 

In Fig. H we plot the lox distribution for the entire HS 
sample (Fig. ||^,) and for three redshift intervals. We note 
that no object in the HS sample is at redshift z< 0.1 and 
that high redshift sources are on average weaker in the X- 
rays than intermediate redshift ones. A dependence of the 
ctox index (as defined in Eq. 1) with the redshift is sug- 
gested by several statistical studies of large quasar sam- 
ples, as reminded in the Introduction. For this reason the 
comparison of the high-redshift HS objects with the PG 
comparison sample could be not strictly correct, because 
the latter is composed mostly of low-redshift sources. 
However, the redshift dependence that has been proposed 
in the literature (a factor ~ 3 between z=0 and z >1, 
Yuan et al. 1999) is much weaker than the effect found in 
the HS sample, where the X-ray emission of a significant 
fraction of objects is more than one order of magnitude 
lower, with respect to the optical, than in normal quasars. 

Since the HS is a flux-limited sample, the redshift de- 
pendence of the lox distribution could be due cither to 
a real dependence on evolution or to a luminosity effect. 
This issue will be discussed further in Sect. 4. 

3.2. Considerations on the K correction 

For logarithmic indicators, as our lox index, the K correc- 
tion is ~ (71 — 72)log(l + z), where 71 and 72 are the spec- 
tral index of the X-ray and optical spectrum respectively 
(assuming a powerlaw spectrum, F„ cx v~^\ Assuming a 



standard quasar spectrum, with 71 = 2 and 72 = 1.5, the 
K correction is 0.15 at z=l and 0.24 at z=2, much lower 
than the observed effect. 

It is well known, for example from the analysis of 
the X-ray emission of BAL quasars (e.g. Gallagher et al. 
1999), that X-ray weak quasars have on average flatter 
X-ray spectra than normal quasars. This is also found in 
low-luminosity AGNs: if the complex 2-10 keV spectra of 
heavily absorbed Seyfert 2s is fitted with a simple power- 
law, the photon index varies between ~ 0.5 and ~ 1.5 (see 
for example Turner et al. 1997 and Maiolino et al. 1998). 
Therefore, the X-ray spectral index of our objects could 
be significantly lower than the canonical value of 2, and 
this effect goes in the direction of lowering and perhaps 
inverting the k-correction for lox- 

We conclude that a physical effect different from the 
K correction is responsible for the unusually high values 
of lox- 

3.3. Analysis of the PT sample 

The lox distribution for the PT sources is plotted in Fig. 
[I| for two diffent cuts in magnitude. A highly significant 
difference between our sample and the PG quasars is ev- 
ident even in the E < 18 sample: more than half of the 
objects are underluminous in the X-rays of at least a factor 
5 with respect to a "normal" quasar. The X-ray weakness 
is however more significant in the small E< 17 subsam- 
ple. The increase of the discrepancy with brightness shows 
that grism selection is indeed effective in finding out X- 
ray weak quasars, but in the case of the PT sample the 
flux limits in the WGACAT are too high to investigate 
the correlation between the optical and X-ray emission. 

4. Selection effects and interpretation 

The results presented above suggest the existence of a class 
of AGNs with broad lines in the optical/UV but with an 
X-ray emission much lower than expected from the optical 
flux and a PG-based extrapolation. 

The quasars of the HS sample show a significant cor- 
relation of their broad-band properties with redshift (or, 
analogously, with luminosity, since the sample is flux- 
limited). We performed a KS test on the distributions 
plotted in Fig. ||, and we found that the z<l and l<z< 2 
distributions are different at a level of confidence of 96%, 
while the z< 1 and z> 2 distributions differ at 99%. 

We note that the level of significance of the lower lim- 
its on lox is the same at all redshifts, because both the 
optical and the X-ray parent samples are flux limited at 
constant fluxes. The increase of lox with redshift can 
therefore be due to a "luminosity effect": optically more 
luminous quasars are on average weaker in the soft X-rays 
(with respect to the optical emission). 

In Fig. [5] we show the O-E colour for the HS sample, 
obtained from of the Palomar All Sky Survey (POSS). 
The theoretical lines represent the typical O-E colour of 



0.5 



0.4 



0.3 



0.2 



0.1 



0.5 



0.4 



0.3 



0.2 - 



0.1 - 



Risaliti et al.: X-ray obscured quasars 
0.5 



I | PG Quasars 

VPZ\ HS Quasars (detections) 

1 | HS Quasars (lower limits) 




loxCB) 



I<*CB) 




6 1 



0.5 





3 4 
I (B) 



z>2 

(25 objects) 



Fig. 3. lox distribution of the HS sample for the whole sample (panel a) and for three redshift intervals. Lower limits on lox 
are derived from the upper limits on X-ray count rates. 



quasars in function of the redshift, for three different val- 
ues of optical extinction. Since the blue colour excess is 
still one of the main selection criteria here, more than half 
of the HS quasars do not have, on average, colours red- 
der than normal quasars. However, another ~25% of the 
sources have an O-E colour that corresponds in normal 
quasars to an optical extinction Ay > 1. This is a further 
indication that also quasars with a relevant absorption 
were selected in the Hamburg Quasar Survey. In Fig. || we 
show the lox distributions for the HS objects with z< 2 
and located respectively below (upper panel) and above 
(lower panel) the Ay=l line in Figj^. Redder objects are 
clearly also on average weaker in the X-rays. This results 



confirm one of our main working hypotheses, i.e. that X- 
ray weak quasars are missed in surveys based on a strong 
colour selection. 

Sources at z > 2 are significantly X-ray weaker than 
normal quasars, irrespectively of their optical colour. This 
is in agreement with the "luminosity effect" discussed 
above. Again, this class of objects could easily have been 
missed by colour-based surveys, since the U-B criterion 
becomes inefficient at z>2.2. 

Since the HS survey is still biased towards blue objects, 
this result could imply that a non negligible population of 
"red" quasars could exist, analogously to what found by 
Webster et al. (1995) for flat-spectrum radio quasars. 
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Fig. 4. Iox distribution for the objects of the PT sample 
with E < 18 (upper panel) and with E < 17 (lower panel). 



The discussion made above for the HS quasars can be 
repeated for the PT quasars. In this case, even if we are 
able to find a significant fraction of X-ray weak quasars, 
the result is weaker, due to the fainter optical magnitudes 
of these sources. 

The O-E colour distribution for the PT sample is simi- 
lar to that of the HS, revealing a significant fraction of ob- 
jects redder than normal quasars (Fig. 0). This result con- 
firms that spectroscopic selection is able to find quasars 
that would be missed in classical color-based surveys. 
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Fig. 5. Optical O-E colour versus redshift for the HS sample. 
Lines are for a standard quasar spectrum with three different 
rest frame optical extinctions: Ay = (bottom line), Ay — 1 
(middle line), Ay = 2 (top line) 

5. Discussion and conclusions 

The X-ray and optical analysis of the HS and PT sam- 
ples, presented in the previous Sections, points out the 
existence of a population of X-ray weak AGNs, with opti- 
cal colours not very different from "normal" quasars, but 
red enough to be missed by classical colour-based surveys. 

Our results on the lox distribution imply that at least 
50% of our objects are significantly weaker in the soft X 
rays than normal "blue" quasars. 

The high lox measured in our sources could be due 
to an intrinsic X-ray weakness, or to a low Ay/N# value. 
Several considerations make the first hypothesis unlikely: 

— Soft X-ray emission is a general feature present in all 
known classes of AGNs (except for BALs, but see the 
next paragraph). Moreover, since the strong emission 
lines detected in the optical require a powerful UV 
source, it is unlikely that a physical process provides 
an intense UV emission without any significant tail in 
the soft X rays. 

— As briefly mentioned in the Introduction, BAL AGNs, 
that are the only sources similar to ours with respect 
to the X/optical properties, are likely to be heavily ab- 
sorbed rather than intrinsically weak. This is suggested 
(a) by the correlation between the X to optical ratio 
and the C IV absorption features (Brandt et al. 2000) 
and (b) by detailed analysis of the X-ray emission of 
some BAL quasars, that shows an absorbed spectrum 
in the 2-10 keV band (Gallagher et al. 1999). 

On the other hand, there are several indications that a 
low Ay /~Nh (relative to the Galactic value) could be com- 
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Fig. 6. Iox distribution for the z< 2 HS sample below (upper 
panel) and above (lower panel) the Av = 1 line in Fig. 5. 




Fig. 7. O-E colour for the PT quasars 
same as in Fig. 5. 
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Whatever the physical origin of the low Ay/N#, the 
main conclusion of this discussion is that a population of 
quasars does exist, with X-ray properties of type 2 AGNs 
and optical spectrum of type Is. In Fig. || we propose a 
simple classification scheme for AGNs in the Ay - N# 
plane. In this diagram, "blue" quasars and BALs are the 
objects revealed by classic, colour-based optical surveys. 
The line-selected objects are located in the "X-ray type 2 
zone" (Nh > a few 10 22 cm -2 ) but in the "optical type 
1 zone" (Ay < 2-3). "ROSAT red quasars" refers to 
the soft X-ray selected objects of Kim & Elvis (1998). It 
is worth noting that even in the "optical type 2 zone" a 
relevant number of objects could have low Ay/N#: for 
example, comparing the near IR broad lines with the X- 
ray spectrum of the type 2 AGN IRAS 05189-2524, we 
estimated an Ay/N# substantially lower than Galactic 
(Severgnini et al. 2000). 



mon to several classes of sources (see the Introduction). 
Moreover, this possibility is supported by the correlation 
between high lox values and high O-E colours, suggesting 
a common physical origin of the two phenomena. 

Current models of the circumnuclear medium of AGNs 
do not clarify which physical process can be responsible 
for an Ay/N# value substantially lower than Galactic. 
Qualitatively, a high absorption in the X rays, together 
with a low extinction in the optical can be due to two 
different reasons: a low dust-to-gas ratio or a size dis- 
tribution of dust grains different from the standard one. 
For a more detailed discussion on this issue, the reader is 
referred to Maiolino et al. 2001b. 
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Appendix A: Evaluating upper limits from the 
WGACAT catalogue 

Here we discuss how to obtain a correct estimation of the 
upper limits (in counts s _1 ) for a non-detection in the 
WGACAT catalogue. 



8 



Risaliti et al.: X-ray obscured quasars 




0.1 



21 22 

N H (cm-*) 



24 



Fig. 8. AGN classification in the Ai/-Nh plane. The dashed 
line represents a Galactic A^/Nh value. See text for details. 

The basic selection criterion in the WGACAT is the 
request of a signal-to- noise ratio higher than 2. This im- 
plies that, if the background counts are B, the minimum 
number of counts for a detected source, S m , is obtained 
from the equation: 



D 



(A.l) 



In case of a non-detection, a 90% upper limit is ob- 
tained multiplying S m by a correction factor a, such that 
a source with aS m counts has a probability <10% to be 
undetected (i.e. to fall below the detection limit S m ). This 
factor is therefore obtained solving the equation: 



o\J aS m + B = S m (a - 1) 



(A.2) 



where a — 1.25 is the number of standard deviations cor- 
risponding to a 1-sided probability of 90%. We found that 
typical values for this correction are a ~ 1.65 — 1.7. 

The crucial point in order to obtain a correct value of 
aS m is the estimation of B. 

For each undetected source, we calculated the back- 
ground counts for a nearby detected source and we re- 
scaled this value for the vignetting snd PSF of the PSPC 
instrument. 

A tabulation of the vignetting as function of the dis- 
tance from the center of the field of view, y(r), can be ob- 
tained directly from the WGACAT. To obtain the PSF we 
calculated the background counts B for a large number of 
randomly selected sources (about 10% of the WGACAT) 
and we fitted the dependence from the radius with a 3rd 
order polynomial, P(r). Finally we re-scaled the back- 
ground counts of the nearby detected source with the ra- 
tio [P(ri)y(ri)]/[P(r2)y(r2)], where ri and r-i are the dis- 
tances from the center of the undetected and the detected 
source, respectively. 



References 

Avni Y., Tananbaum H., 1986, ApJ 305, 83 
Brandt W.N., Laor A., Wills B. J., 2000, ApJ 528, 637 
Brinkmann W., Yuan W., Siebert J., 1997, A&A 319, 413 
Comastri A., Setti G., Zamorani G., Hasinger G., 1995, A&A 
296, 1 

Elvis M., Wilkes B. J., Mc Dowell C, et al. 1994, ApJS 95, 1 
Engels D., Hagen H.-J., Cordis L., et al., 1998, A&AS 128, 508 
Fiore F., La Franca F., Giommi P., et al. 1999, MNRAS 306, 
L55 

Francis P. J., Hewett P. C, Foltz C. B., et al., 1991, ApJ 373, 
465 

Hagen H.-J., Groote D., Engels D., Reimers D., 1995, A&AS 
111, 195 

Hagen H.-J., Engels D., Reimers D., 1999, A&AS 134, 483 
Kim D. W., Elvis M., 1999, ApJ 516, 9 

Gallagher S.C., Brandt W.N., Sambruna R.M., Mathur S., 

Yamasaki N., 1999, ApJ 519, 549 
Gilli R., Risaliti G., Salvati M., 1999, A&A 347, 424 
Green P.J., Schartel N., Anderson S. F., 1995, ApJ 450, 51 
Maiolino R., Salvati M., Bassani L., et al., 1998, A&A 338, 781 
Maiolino R., Marconi A., Salvati M., et al. 2001a, A&A, 365, 

28 

Maiolino R., Marconi A., Oliva E. 2001b, A&A, 365, 37 
Reeves J.N., Turner M.J.L., Ohashi T., Kii T., 1997, MNRAS 
292, 468 

Risaliti G., Gilli R., Maiolino R., Salvati M., 2000, A&A, 357, 
13 

Schmidt M., Green R.F., 1983, ApJ 269, 352 

Schneider D.P., Schmidt M., Gunn J.E., 1994, ApJ 107, 1245 

Severgnini P., Risaliti G., Marconi A., Maiolino R., Salvati M., 

2000, A&A, submitted 
Turner T.J., George I.M., Nandra K., Mushotsky R.F., 1997, 

ApJS 113, 23 

Webster R.L., Francis P.J., Peterson B.A., Drinkwater M.J., 

Masci F.J., 1995, Nature 375, 469 
Wh ite N.E., Giommi P., Angelini L. , 1995, 



http: / /heasarc. gsfc.nasa.gov/W3Browsc/all/wgacat.htmj 
Wilkes B.J., Tananbaum H., Worral D.M., et al. 1994, ApJS 
92, 53 

Yuan W., Brinkmann W., Siebert J., Voges W., 1998, A&A 
330, 108 



